Introduction {#Sec1}
============

After completing their formal education, physicians have the moral and ethical obligation to keep their knowledge up-to-date. After all, knowledge is dynamic and can be out-dated within as little as 10 years (Donen [@CR11]). According to the latest evidence, physicians must therefore commit themselves to continuing medical education (CME) in order to guarantee the quality of care (Davis et al. [@CR9]). Yet it is difficult for physicians to remain abreast of new evidence and to integrate this evidence into their own clinical practice. Like all physicians, occupational physicians (OPs) are currently overwhelmed by the quantities of evidence being published, and a good knowledge infrastructure and the time required to keep up are lacking (Bakken [@CR2]; Ely et al. [@CR13]; Hugenholtz et al. [@CR20]). Moreover, many OPs lack the skills in epidemiology and statistics that would allow them to evaluate the scientific evidence available to them with an adequate degree of accuracy (Sackett and Parkes [@CR30]; McCluskey and Lovarini [@CR25]; McConaghy [@CR26]). As a result, OPs tend to depend on their routines or on the opinions of colleagues or experts when searching for answers to their questions about patient care (Ely et al. [@CR13]; Schaafsma et al. [@CR33]).

Efforts have been made to support OPs in the uptake of knowledge. More and more evidence-based guidelines and systematic reviews have been developed with a view to consolidating high-quality knowledge into a more practical form (Birrell and Beach [@CR5]; Eakin and Mykhalovskiy [@CR12]). Nevertheless, the implementation of these guidelines leaves much to be desired (Grol [@CR17]; Gross et al. [@CR19]; Grimshaw et al. [@CR16]). In addition, the practice of evidence-based medicine (EBM) has been in vogue among OPs over the past few decades, thus integrating the best external evidence with individual clinical expertise and patients' choices (Sackett et al. [@CR31]; Timmermans and Kolker [@CR40]).

As occupational health specialists, OPs must consider their patients' working conditions, workplace environments, the management priorities, and labour legislation (Lurie [@CR23]). They also have to deal with a whole range of diseases, making it harder for them to keep up with all the latest evidence. A survey among Dutch OPs revealed that most of them consult the most up-to-date evidence in their fields infrequently----averaging no more than three times per month----and that they make only sporadic use of practice guidelines (Noordam and de Vries [@CR27]). These factors subsequently influence the quality of the advice they give to their patients.

In order to enhance the professional performance of OPs in The Netherlands by helping them make greater use of available knowledge, a multifaceted intervention has been developed. CME studies have already demonstrated that an intervention is more effective when designed in a multifaceted manner. Interventions designed for a small group of physicians from within a single discipline, and interactive interventions relying on problem-based learning strategies are proven success factors which were taken into account in designing the intervention (Davis et al. [@CR8]; Smits et al. [@CR37]).

The incorporation of these new elements into physicians' routine practice was aimed at enhancing their job satisfaction. The new knowledge and improved skills gained by means of this scheme could, for example, help prevent the effects of boredom; boredom can occur among OPs as a result of routinization and repetitiveness of the job, as well as lack of opportunities for CME, all of which are factors that contribute to a reduction in job satisfaction (Kushnir et al. [@CR21]; Bovier and Perneger [@CR6]). In addition to the stated objective of enhancing physicians' job satisfaction, it was also theorized that the intervention would have a positive impact on the occupational self-efficacy of OPs, given the fact that the status of OPs is considered to be lower than that of other medical specializations (Walsh [@CR41]). By teaching them EBM and by supporting them in discussing the nature and practice of their profession, the intervention aims to improve their sense of self-confidence in the quality of the work that they perform.

This study combined a didactic EBM course with recurrent case method learning sessions (CMLSs) in small peer groups. It was hypothesized that when OPs are able to find, share, and integrate this knowledge, professional performance will improve and both job satisfaction and occupational self-efficacy will be enhanced.

Methods {#Sec2}
=======

Study population and inclusion {#Sec3}
------------------------------

Study participants were Dutch OPs working for occupational health service (OHS) providers or in private practices. They were recruited both via OHS providers and calls for participants published in the Newsletter of The Netherlands Society of Occupational Medicine (NSOM). Potential participants received a brochure containing information about the study, and were requested to return the informed consent and application form if they decided to participate. Inclusion criteria for study participation were commitment of the participant's OHS management and Internet access in the workplace.

Study design and procedure {#Sec4}
--------------------------

This study was a randomized controlled trial, with randomization on the peer group level. Before randomization, all participants were clustered into peer groups and each group was randomly assigned to either the intervention group or control group. The peer groups already existed or were formed by the researchers on a geographical basis. Block randomization, of four groups per block, was applied in cases where two or more groups from one OHS provider participated in the study. The intervention group participated in an EBM training programme, consisting of an EBM course paired with case method learning sessions, lasting for a period of 4 months. OPs randomized to the control group applied their usual standards of care during the 4-month intervention period. Pre- and post-test measurements were conducted by means of a questionnaire. Both the intervention group and the control group received the questionnaire on three occasions; one baseline questionnaire just before the intervention period (T0), one directly after the intervention period (T1), and a final one (T2) 3 months after the intervention period (see Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Time frame of the randomized controlled trial

Intervention {#Sec5}
------------

OPs in the intervention group received an EBM course of three half-days spread over 2 weeks. During this course they learned the basics of EBM: a general introduction to EBM, instructions on searching for literature using PubMed, and techniques for critical appraisal of the literature. In addition, a member of each peer group volunteered to be the chairperson and received training in chairing case method learning sessions (CMLSs).

Upon completion of the EBM course, the OPs scheduled approximately ten CMLSs with their peer group (6--8 persons). These sessions took place every other week and lasted 1--1½ h. During these sessions, OPs were challenged to each discuss one case in a concise and structured format, and to give one another feedback on how and where to find knowledge on those cases. At the end of a session, the OPs chose a few cases (half of the total number of discussed cases) for which an evidence search was carried out by the respective OPs. This search was conducted by means of the EBM method learned using a standardized form and guided by peers' feedback. The results of the search were presented briefly at the beginning of the next session.

During the intervention period, OPs from both the intervention group and the control group had access to the Internet and to a helpdesk offering support in conducting literature searches and accessing full-text articles. The control group received the EBM course after the study was completed. The intervention was pilot-tested and evaluated with one peer group, but no major adjustments of the original concept were deemed to be necessary. The study was carried out from September 2005 until the beginning of January 2006; both the EBM course and the CMLSs were accredited by the Dutch "Board of Registration of Doctors of Social Medicine" \[Sociaal-Geneeskundigen Registratie-Commissie (SGRC)\].

Process and outcome measures {#Sec6}
----------------------------

Process measurement assessed the extent of OPs' participation in the CMLSs. Participation was considered to be good if at least eight sessions were attended, moderate if six or seven sessions were attended, and poor if less than six sessions were attended. Furthermore, the length of each CMLS, the number of cases discussed per CMLS and the number of searches per CMLS were assessed.

Professional performance, self-efficacy, and job satisfaction were the main outcomes measured by this study. In addition, the perceived utility of the CMLS was assessed.

*Professional performance*. Professional performance was defined as the self-reported practice of keeping up with and using knowledge in daily practice. A questionnaire was designed, modelled on a non-validated Dutch questionnaire developed by Schaafsma et al. ([@CR33]), which included questions to determine the amount of time spent on keeping up-to-date, and extent of use of the Internet and literature databases (Schaafsma et al. [@CR33]).

*Self-efficacy.* The occupational self-efficacy of the OPs was defined as each individual person's belief in his or her own ability to perform his or her job, and was measured using Schyns and von Collani's validated occupational self-efficacy scale (reliability 0.92) (Schyns and von Collani [@CR35]).

*Job satisfaction*. OPs' job satisfaction was measured using 7 of the 13 subscales of the validated physician worklife survey (PWS). These subscales were: autonomy (reliability 0.70), personal time (reliability 0.79), patient care issues (reliability 0.74), relationships with colleagues (reliability 0.72), global job satisfaction (reliability 0.86), career satisfaction (reliability 0.88), and specialty satisfaction (reliability 0.82). Both the self-efficacy and job satisfaction questionnaires were translated into Dutch by a professional translator and one of the researchers (NH), and adjusted to the OPs' specific situations (Linzer et al. [@CR22]).

*Perceived utility of the CMLS*. To determine the utility of the CMLS, all participants filled out a short evaluation form after every session, concerning the contribution of the CMLS to gaining new insights and to improving the quality of their performance.

Statistical analysis {#Sec7}
--------------------

Due to the intensity of the intervention, our target sample size was 100 OPs, with 50 in the intervention and control groups alike. Differences in baseline characteristics were tested with *t*-tests for continuous variables and Chi-square tests for categorical variables. To define the effect of the intervention on professional performance, job satisfaction, and self-efficacy, intention to treat analyses were performed in mixed model analyses, based on repeated measurements with adjustments for the cluster randomization. First, the overall effect of the intervention over time was calculated on the basis of a comparison between the intervention group and the control group for professional performance, job satisfaction, and self-efficacy. Next, mean scores measuring the utility of the CMLSs were calculated in the intervention group, as expressed in the contribution of the CMLSs to this group's gaining new insights into their field and to the quality of their performance. The utility of the CMLSs as related to the number of sessions attended was calculated by GLM analyses for repeated measures. Finally, subgroup analyses were performed within the intervention group to investigate potential predictors for high or low scores on professional performance, job satisfaction, and self-efficacy. The following predictors were analysed: the effect of participation in the CMLSs (good, moderate or poor); age (higher or lower than the median of 48 years) and experience as an OP (more or less than the median of 13 years). Statistical analyses were carried out using SPSS version 13.0.

Results {#Sec8}
=======

In total, 131 OPs were recruited from 16 occupational health services and 8 private practices between May 2005 and September 2005. Twenty-three OPs withdrew before the start of the intervention, leaving 108 participating OPs. Primary reasons for withdrawal were a lack of support from the OHS provider or an objection to the expected amount of time required for the intervention. During the intervention period, 18 OPs in the intervention group and 16 OPs in the control group withdrew from the study (see Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Flow chart of participants through trial

The personal characteristics of the participating OPs at baseline are shown in Table [1](#Tab1){ref-type="table"}. With the exception of mean age (48 vs. 45 years) and years of experience as a medical doctor (MD) (20 vs. 17 years), there were no statistically significant differences between the intervention and the control group. Table 1Baseline characteristics of OPsCharacteristicsIntervention group (*n* = 49)Control group (*n* = 59)Age in years, mean (SD)\*48 (5.8)45 (6.7)Women, *n* (%)23 (47)22 (37)MD years of experience, mean (SD)\*20 (5.7)17 (6.8)OP years of experience, mean (SD)14 (6.1)13 (7.1)Previous experience with EBM education, *n* (%)11 (22)9 (15)Previous experience with critical appraisal, *n* (%)14 (29)14 (24)Experience with research, *n* (%)23 (47)22 (37)*N* of groups79\**p* \< 0.05 *t*-test

Process evaluation {#Sec9}
------------------

Less than half of the OPs in the intervention group attended eight CMLSs. However, 80% of the OPs participated in six sessions, which was considered to be "moderate". The length of the CMLS was on average almost 10 min longer than the intended 1 h. Each participant in the group was supposed to discuss one case during each session, thus an average of seven cases would be discussed during a single CMLS. The actual average number of cases discussed during a single CMLS was 5.4. Consequently, the number of searches per CMLS was slightly lower (3.1) than the intended 3.5 (half of the seven cases). There was no peer group with substantially deviating results on the process measurements.

Professional performance, self-efficacy, and job satisfaction {#Sec10}
-------------------------------------------------------------

Table [2](#Tab2){ref-type="table"} shows professional performance, self-efficacy, and job satisfaction as measured in T0, T1, and T2 for both the intervention and control group. The difference in the overall effect of the intervention between the intervention and control groups over time was statistically significant for professional performance (*p* \< 0.001). Job satisfaction subscales and self-efficacy changes were small and statistically significant neither in terms of the difference between the two groups, nor within the two groups. Table [2](#Tab2){ref-type="table"} shows the scores for professional performance. Post-hoc analyses demonstrated that OPs in the intervention group scored significantly higher on professional performance in T1 and T2. Job satisfaction scores on patient care issues rose over time for the intervention group and dropped for the control group, but this trend was not striking enough to be significant. Specialty satisfaction scored lowest in both the intervention and control group, while global satisfaction and self-efficacy scored highest in both. Table 2Professional performance, self-efficacy, and job satisfaction (autonomy, personal time, patient care issues, relationships with colleagues, global job satisfaction, career satisfaction, and specialty satisfaction) in T0 (*n* = 49, *n* = 59), T1 (*n* = 28, *n* = 48) and T2 (*n* = 28, *n* = 43)Variables^a^Time pointIntervention groupControl groupMean(95% CI)Mean(95%CI)Professional performance\*T020.53(19.67--21.39)21.17(20.36--21.99)T123.31(22.62--24.00)21.06(20.10--22.03)T222.97(22.32--23.61)20.37(19.39--21.35)Self-efficacyT03.91(3.77--4.04)3.99(3.87--4.11)T14.09(3.95--4.22)3.96(3.81--4.10)T24.04(3.90--4.18)3.97(3.85--4.08)Job satisfaction: autonomyT03.89(3.79--3.99)3.92(3.83--4.01)T13.89(3.73--4.05)3.87(3.75--3.99)T23.83(3.69--3.97)3.93(3.84--4.01)Job satisfaction: personal timeT03.47(3.25--3.69)3.52(3.34--3.71)T13.61(3.35--3.87)3.42(3.22--3.63)T23.69(3.41--3.97)3.59(3.38--3.79)Job satisfaction: patient care issuesT03.92(3.73--4.11)3.89(3.77--4.01)T13.97(3.75--4.19)3.85(3.66--4.03)T24.04(3.85--4.24)3.71(3.56--3.87)Job satisfaction: relationships with colleaguesT03.67(3.49--3.86)3.81(3.68--3.95)T13.79(3.59--3.99)3.73(3.58--3.88)T23.70(3.53--3.86)3.74(3.59--3.90)Job satisfaction: global job satisfactionT04.03(3.83--4.23)3.98(3.83--4.14)T14.15(3.91--4.38)3.85(3.64--4.05)T24.08(3.90--4.27)3.93(3.72--4.14)Job satisfaction: career satisfactionT03.81(3.58--4.04)3.76(3.59--3.94)T13.88(3.66--4.11)3.73(3.54--3.91)T23.80(3.59--4.01)3.74(3.54--3.94)Job satisfaction: specialty satisfactionT03.35(3.10--3.60)3.29(3.12--3.49)T13.28(2.93--3.63)3.08(2.83--3.33)T23.34(3.06--3.63)3.23(2.98--3.47)\* *P* \< 0.001. High score corresponds to favourable outcome \[0--5 for all variables, except professional performance (0--27)\]^a^Overall tests of trends during the intervention, comparing the intervention group with the control group

Perceived utility {#Sec11}
-----------------

The perceived utility of the CMLSs for gaining new insights and for improving the quality of the OP's performance is shown in Fig. [3](#Fig3){ref-type="fig"}. From the figure, it is evident that the perceived utility increases during the first three sessions, but no significant increase was achieved. Fig. 3Intervention group OPs' evaluation scores (mean) of the contribution of the CMLS to gaining new insights in their field and to the quality of their performance as related to the number of CMLS they followed

Subgroup analysis {#Sec12}
-----------------

The potential predictors of effect, namely participation in the CMLSs (good, moderate, or poor), age (higher or lower than the median of 48 years), and experience as an OP (more or less than the median of 13 years) showed no significant relation to professional performance scores within the intervention group.

Discussion {#Sec13}
==========

Main findings {#Sec14}
-------------

This study shows that an EBM course in combination with CMLSs enhances the self-reported professional performance of OPs. However, it enhances neither their job satisfaction nor self-efficacy. In general, OPs in the intervention group complied fairly well with the pre-defined goals of the intervention. The perceived value of the CMLSs increased as the OPs attended more sessions.

Strengths and weaknesses of the study {#Sec15}
-------------------------------------

The study is unique in that it implements EBM in a non-clinical setting within The Netherlands in order to enhance professional performance of OPs. Added to this is the fact that a randomized controlled trial (RCT) was used as the "golden standard" to determine the effectiveness of the intervention. A well-known problem in conducting RCTs is the recruitment of participants. In this study, given the intensity of the intervention, the number of participants included (131 OPs) is relatively high. This was accomplished by fitting the intervention, insofar as possible, into the daily practice of the OPs. We arranged accreditation for the CMLSs, and the OPs could exchange the time spent on the CMLSs for other (compulsory) forms of consultation. Furthermore, thanks to the use of mixed model analyses, we were able to get a maximum amount of data (data from T0, T1, and T2) from a minimum number of tests.

Nevertheless, some methodological aspects of this study must be considered. The first is the potential factor of a biased sample of OPs; only motivated OPs who were supported by their management participated in this study. This might explain the ceiling effect in the scores for job satisfaction and self-efficacy at baseline. The ceiling effect is well known in the medical field (Steen et al. [@CR38]). Because all participants were close to their maximum score already, any additional increase in scores was difficult to achieve. It may be possible that, if the intervention was to be carried out with OPs who are less motivated and are less interested in EBM, a significant effect on job satisfaction and self-efficacy could be measured. Such a strategy would also, however, have run the risk of even higher dropout rate for OPs. Moreover, the questionnaires used in this study measured generalized statements on job satisfaction and self-efficacy, rather than concepts that were specifically tailored to our intervention. The use of another, more targeted questionnaire would have shown greater enhancement of job satisfaction and self-efficacy among OPs; unfortunately, neither we could find such validated questionnaire nor were able to develop one ourselves. As job satisfaction and self-efficacy are multi-dimensional concepts, it may be that our intervention did not intervene to a sufficiently strong degree on all dimensions.

A second consideration is that it does not appear to be possible to estimate a reliable intracluster correlation coefficient (ICC), though this is essential for sample size calculations for a cluster randomized trial (Campbell et al. [@CR7]). Consequently, the pre-defined number of 100 OPs (50 in each group) was set as the maximum for pragmatic reasons only. Unfortunately, despite being tailored to OPs' daily practice, the intensity of the intervention caused a relatively high dropout rate in the intervention group, which might have caused a lack of change over time in all parameters other than professional performance. However, the lack of change over time in these parameters suggests that there was no selection process involved related to the professional quality, general motivation, or satisfaction of the participants.

Furthermore, the use of self-assessment for obtaining outcome measurements could have led participants to give desirable answers (Davis et al. [@CR10]). Especially as the OPs were trained in EBM, it most likely enhanced their attention to the use of up-to-date knowledge in their daily practice and may have increased positive answers on the questionnaire on self-reported professional performance.

Relation to other studies {#Sec16}
-------------------------

Several studies have shown that while it is possible to enhance physicians' knowledge and skills of EBM, actual change of practice and behaviour is much more complicated (Wyatt [@CR42]; Bauchner et al. [@CR4]; McCluskey and Lovarini [@CR25]). This study did show that enhanced professional performance was sustained over time; it might be concluded, therefore, that designing the intervention in a multifaceted manner by adding the CMLSs to the didactic EBM course could have had an added value in this intervention.

Furthermore, the CMLSs can facilitate the so-called "communities of practice", which are an important component of knowledge management. Whereas, knowledge management is commonly applied in the business sector, health care is still behind in the knowledge management movement (Revere et al. [@CR29]). Knowledge management offers a structured process for the generation, storage, distribution, and application of knowledge in organizations. This includes both tacit knowledge (personal experience) and explicit knowledge or evidence (Wyatt [@CR43]). Communities of practices can facilitate the integration of tacit and explicit knowledge. In these communities, professionals identify themselves as having a common interest and come together at frequent intervals to collaborate on their shared interest. The result is that the knowledge used by the professionals becomes part of the collective knowledge developed within their community, ultimately leading to the improvement of their professional performance (Sandars and Heller [@CR32]).

Our study showed no significant effect on the occupational self-efficacy of the OPs. It is difficult to compare this finding to results from other studies, since self-efficacy is generally designed as a mediating variable in studies aimed at behavioural change, as per Bandura's theory of planned behaviour (Bandura [@CR3]). Forsetlund et al. ([@CR14]), for example, conducted a similar intervention study among OPs in Norway, but they measured self-efficacy as a mediating variable for job satisfaction as one of the outcomes. They did not, however, find statistically significant differences in self-efficacy or job satisfaction scales (Forsetlund et al. [@CR14]). The present study used self-efficacy as a standalone concept to indicate OPs' self-confidence in their doing a qualitatively good job rather than as a predictor for an intention to change behaviour.

Possible mechanisms and implications {#Sec17}
------------------------------------

It was shown that practising EBM in a non-clinical setting is possible if existing barriers, such as access to the Internet, to databases and full-text articles, and availability of time, are overcome. Despite the tailor-made intervention, the motivated group of OPs, and the support received from OHS management, it is doubtful whether this intervention is suitable for every OP. Although less than 50% of the OPs participated in the intended eight sessions, 80% of them participated in six sessions, which was considered to be a "moderate" result. In our opinion, this gives an indication that the intervention is feasible for OPs. However, it would be advisable to reduce the frequency of the sessions from once every 2 weeks to once every month, in order to increase the opportunity for OPs to attend the sessions. Furthermore, it raises the question as to whether all OPs should even aim to be "EBM-ers", or that the majority can be satisfied with being "EBM users" (Akl et al. [@CR1]). Perhaps, there is no need for all OPs to become fully-trained EBM experts. It is recommended, however, that physicians at least learn the basics of EBM and then turn to clinical librarians specialized in occupational health or physicians specialized in EBM to answer any (complex) questions (Timmermans and Angell [@CR39]; Plaice and Kitch [@CR28]; Revere et al. [@CR29]). The OPs who participated in this study were motivated individuals, and for that reason might be seen as advocates for the use of EBM in the occupational health setting. The use of advocates to achieve behaviour change has proven to be effective (Davis et al. [@CR8]; Grimshaw et al. [@CR15]; Sisk et al. [@CR36]). It is assumed that, once proven to be effective and useful, and once promoted by the OPs who participated in this study, more OPs are likely to take EBM up in their practice.

An additional advantage of the intervention is that by noting down their cases and searches, OPs make their knowledge explicit. This method allows them to make their cases, along with the corresponding EBM searches and answers, available to other potential users. Possible uses of such data are to collect it on a local intranet, or perhaps even the Internet, so that OPs could search the resulting databank for evidence-based answers to their case-related questions, before conducting a new search themselves.

Unanswered questions and future research {#Sec18}
----------------------------------------

In this study, investigation was limited to the level of (the performance of) physicians. Potential enhancement of patient care, which usually yields a smaller measurable effect (Mansouri and Lockyer [@CR24]), was not measured. Schaafsma et al. ([@CR34]) showed an enhancement of the evidence-based occupational physicians' advice in sickness absence episodes among the same participants of this study (Schaafsma et al. [@CR34]). It might be assumed that enhanced use of evidence as the basis for providing advice will serve to enhance patient care as well (Grol and Grimshaw [@CR18]). However, to be able to determine this in a thorough manner, another study would have to be conducted.
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